
























































































































































































































































































































































































































































































































































































































































































































































































































































Direction		 Bisulfite	Converted	Primers	(5’	–	3’)		 Length	 Tm		
Forward	 TTTTGTATTTGATAGTATTGTAGTAATTAGTTTGGG	 36	bp	 55.9	°C	





















































































































































































































































































































































F1	 N/A	 U	 U	 N/A	 U	 U	
F2	 N/A	 Mixed	(U)	 U	 N/A	 U	 U	
F3	 N/A	 U	 U	 N/A	 U	 U	
F4	 N/A	 U	 U	 N/A	 M	(U)	 U	
F5	 N/A	 U	 U	 N/A	 U	 U	
F6	 N/A	 U	 U	 N/A	 U	 U	
F7	 N/A	 X	 X	 N/A	 X	 X	
R1	 U	 U	 U	 U	 Mixed	(U)	 U	
R2	 U	 U	 U	 U	 U	 U	
R3	 U	 U	 U	 U	 U	 U	
R4	 U	 Mixed	(U)	 M	(X)	 M	(X)	 U	 U	
R5	 U	 U	 U	 U	 U	 U	
R6	 U	 U	 U	 U	 U	 U	










































































F1	 Mixed	 Mixed	 Mixed	 Mixed	
F2	 Mixed	 Mixed	 Mixed	 Mixed	
F3	 Mixed	(M)	 Mixed	 Mixed	 Mixed	
F4	 X	 X	 X	 X	
F5	 X	 X	 X	 X	
F6	 X	 X	 X	 X	
F7	 X	 X	 X	 X	
R1	 X	 X	 X	 X	
R2	 Mixed	 Mixed	(U)	 U	 Mixed	
R3	 U	 U	 U	 U	
R4	 X	 Mixed	(U)	 X	 Mixed	(X)	
R5	 M	 Mixed	 Mixed	 M	
R6	 X	 X	 X	 X	



















































F1	 N/A	 Mixed	 N/A	 Mixed	
F2	 N/A	 X	 N/A	 X	
F3	 N/A	 Mixed	(U)	 N/A	 U	
F4	 N/A	 U	 N/A	 U	
F5	 N/A	 U	 N/A	 U	
F6	 N/A	 U	 N/A	 U	
F7	 N/A	 U	 N/A	 U	
R1	 X	 X	 X	 X	
R2	 Mixed	(U)	 U	 U	 U	
R3	 U	 U	 U	 U	
R4	 X	 X	 X	 X	
R5	 U	(Mixed)	 U	 Mixed	 U	(Mixed)	
R6	 M	 Mixed	 Mixed	 M	
























































































































CpG	1	 CpG	2	 CpG	3	 CpG4	 CpG	5	 CpG	6	 CpG	7	
Sample	
2.1	F	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A	
Sample	
2.2	F	 Mixed	 X	 Mixed	(U)	 U	 U	 U	 U	
Sample	
2.3	F	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A	
Sample	
2.4	F	 Mixed	 X	 U	 U	 U	 U	 U	
Sample	




2.2	R	 Mixed	 Mixed	 U	 X	 U	 U	 X	
Sample	
2.3	R	 Mixed	 Mixed	 Mixed	 X	 U	 U	 X	
Sample	







2	U	 2	U	 6	U	 6	U	 2	U	
Table	5.1	–	50	µL	PCR	rxns	for	K1.	CpG	sites	are	numbered	1	through	7	from	the	
forward	direction.	
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the	primer	on	the	DNA	strand.	Third,	there	are	seven	CpG	sites	in	the	amplicon,	
allowing	for	modest	discriminatory	power.	Moreover,	those	CpG	sites	are	situated	
102	bp	(forward)	and	70	bp	(reverse)	from	the	ends	of	the	sequence.	This	is	
important	during	sequencing	analysis,	as	the	first	30-50	bp	of	a	sequence	are	often	
more	difficult	to	analyze.	Finally,	CpG	sites	near	this	locus	have	been	shown	to	be	
hypervariable	between	individuals,	yet	stable	over	3	–	6	months	(Lévesque	et	al.,	
2014).	Future	research	that	investigates	other	loci	should	look	for	sequence	
characteristics	similar	to	those	found	in	the	PRKCA	locus.		
 
Why	the	SNP	Method	is	not	Practical	
Forensic	cases	involving	MZ	twins	prove	more	difficult	to	solve	due	to	the	
inability	of	STR	analysis	to	discriminate	between	nearly	identical	genomes.	The	
interrogation	of	DNA	evidence,	one	of	the	greatest	milestones	in	forensic	science,	is	
ineffective	when	a	MZ	twin	is	implicated.	Only	recently	has	a	genetic	technique	
emerged	in	which	there	is	potential	to	distinguish	between	twins.	The	technique,	
referred	to	as	ultra-deep	next	generation	sequencing,	is	described	by	Weber-
Lehmann	et	al.	(2014).	The	technique	relies	on	sequencing	the	genomes	of	both	
twins	nearly	100	times	via	high-throughput	sequencing.	This	is	performed	in	order	
to	obtain	an	accurate	picture	of	single	nucleotide	mutations	(SNPs)	that	can	be	used	
to	distinguish	the	twins.	In	one	experiment,	Weber-Lehmann	et	al.	(2014)	found	five	
SNPs	that	differed	between	one	pair	twins,	successfully	differentiating	between	
them.		
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However,	there	are	a	few	problems	with	the	SNP-based	approach.	To	be	
different	between	all	tissues	in	MZ	twins,	SNPs	must	occur	within	a	relatively	small	
window	of	development,	specifically,	after	the	twins	split	and	before	the	separation	
of	the	three	germ	layers.	This	leaves	only	a	few	SNPs	between	the	twins.	With	so	few	
SNPs,	each	twin’s	genome	must	be	sequenced	upwards	of	100	times	for	proper	
resolution.	This	“ultra	deep”	sequencing	is	expensive,	costing	over	$100,000	and	
requiring	over	two	months	to	complete.	Thus,	even	if	the	method	passes	its	Daubert	
trial,	it	will	be	too	expensive	for	most	crime	labs	to	outsource.		
Weber-Lehmann	et	al.	(2014)	mention	MZ	twin	discordance	in	methylation,	
but	dismiss	the	use	of	DNA	methylation	to	distinguish	between	MZ	twins,	attributing	
their	disregard	to	the	medically-oriented	nature	of	the	research.	Interestingly,	the	
authors	don’t	seem	to	mention	the	fact	that	a	large	portion	of	SNP	research	is	also	
biomedically	oriented.	Moreover,	Weber-Lehmann	et	al.	(2014)	only	cite	three	
sources	for	epigenetic	differentiation	of	twins,	which	vastly	underestimates	the	
number	of	sources	which	have	investigated	this	area	of	research	and	found	positive	
results,	even	outside	of	the	medical	literature.	Indeed,	a	search	of	the	forensic	
science	literature	will	reveal	examples	of	reviews	involving	DNA	methylation	in	
forensic	science	(Gršković,	Zrnec,	Vicković,	Popović,	&	Mršić,	2013;	Kader	&	Ghai,	
2015;	Vidaki,	Daniel,	&	Court,	2013),	not	to	mention	research	articles	like	those	
discussed	in	Chapter	2.		
At	any	rate,	the	claim	that	data	produced	in	medical	research	cannot	be	
applied	to	forensic	science	is	unfounded.	Had	Leone	Lattes	followed	this	advice,	he	
would	have	never	developed	the	forensic	application	of	ABO	blood	groups,	which	
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were	originally	distinguished	by	Dr.	Karl	Landsteiner	–	a	physician.	Moreover,	
restriction	fragment	length	polymorphism	(RFLP)	research	was	originally	used	in	
medical	genetics	to	discover	mutant	genes.	Yet,	RFLP	analysis	was	the	basis	of	Alec	
Jeffrey’s	genetic	fingerprinting,	which	kickstarted	the	use	of	DNA	in	forensic	science.	
Ultimately,	forensic	science	is	the	application	of	good	science	to	the	law.	The	
application	should	be	irrespective	of	the	discipline	from	which	it	is	derived,	so	long	
as	the	discipline	is	an	established	science.		
Challenges	Associated	with	Methylation	Profiling	
	 Methylation	profiling	will	not	be	without	its	challenges.	While	it	is	the	most	
studied	of	the	epigenetic	phenomena,	there	is	still	much	that	is	unknown	about	DNA	
methylation.	As	mentioned	earlier,	there	are	differences	among	tissues	due	to	
tissue-specific	functioning.	This	poses	a	potential	issue	with	forensic	sampling.	DNA	
left	behind	at	a	crime	scene	may	be	from	blood,	skin,	hair,	saliva,	semen,	or	other	
fluids	and	tissues.	If	methylation	profiling	is	only	applicable	on	a	tissue-by-tissue	
basis,	its	power	is	limited.	However,	while	a	single	test	that	encompasses	all	tissues	
would	be	ideal,	tissue-specificity	may	not	pose	a	problem	to	methylation	profiling.	If	
the	tissue-origin	of	the	crime	scene	sample	can	be	determined,	a	matching	sample	
type	can	be	obtained	from	the	suspect	for	comparison.		
The	use	of	methylation	profiling	would	only	apply	post-STR,	and	in	cases	
where	the	DNA	is	from	one	or	both	MZ	twins.	This	means	that	the	power	of	
discrimination	need	not	be	the	same	degree	as	with	STR	profiles.	The	test	would	
simply	be	a	comparative	test	between	the	forensic	sample,	a	known	sample	from	
twin	A,	and	a	known	sample	from	twin	B.	With	a	majority	of	methylation	being	
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stochastically	and	environmentally	derived	across	tissue-types,	it	may	not	matter	
which	tissue	is	being	tested	as	long	as	the	tissue	type	from	the	known	matches	the	
crime	scene	tissue	type.	The	results	rely	only	on	comparison	to	an	unknown,	not	a	
database.		
In	a	review	of	a	new	SNP	based	method	for	distinguishing	twins	by	Weber-
Lehmann	et	al.,	(2014),	Budowle	(2014)	suggests	that	statistical	analysis	does	not	
appear	to	be	necessary.	His	rationale,	which	it	seems	would	also	apply	to	
methylation	profiling,	is	that	STR	has	already	excluded	all	potential	sources,	except	
for	the	twins	involved.	So	long	as	methylation	profiles	can	be	shown	to	be	relatively	
stable,	or	if	a	time	frame	can	be	established	for	when	methylation	profiling	can	be	
performed	post-perpetration,	then	the	same	statistical	rationale	should	apply.	
	 Rates	of	methylation	and	demethylation,	as	well	as	the	exact	molecular	
mechanisms	involved,	are	not	yet	fully	elucidated.	It	is	still	unknown	exactly	what	
role	methylation	plays	in	gene	silencing	and	transcription	as	well	as	the	details	
surrounding	passive	and	active	demethylation	both	during	and	after	embryonic	
development.	It	is	important	that	more	research	be	done	on	DNA	methylation,	
particularly	as	it	pertains	to	the	forensic	questions	it	is	used	to	answer.	For	MZ	twin	
discrimination,	the	most	important	research	on	DNA	methylation	would	investigate	
epigenetic	stability	over	time	and	error	rates	relating	to	all	aspects	of	the	analysis.	
That	being	said,	many	applications	and	methods	in	every	field	from	medicine	to	
forensic	science	are	successfully	implemented	without	complete	knowledge	of	all	
aspects	of	the	phenomenon.		
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The	dichotomous	nature	of	methylation	profiling	diminishes	the	need	for	a	
fully	disclosed	or	comprehensive	understanding	of	the	mechanisms	at	play,	though	a	
solid	scientific	foundation	is	necessary	and,	indeed,	available.	One	of	the	reasons	
that	DNA	analysis	is	seen	as	the	“gold	standard”	in	forensic	science	is	its	basis	in	
underlying	scientific	theory.	Methylation	analysis	would	share	much	of	this	basis,	as	
epigenetic	research	began	outside	of	the	forensic	science	community,	as	opposed	to	
being	developed	solely	for	it.		
Considerations	for	Developmental	Validation	
Through	the	Scientific	Working	Group	on	DNA	Analysis	Methods	(SWGDAM),	
the	forensic	science	community	has	laid	out	developmental	validation	guidelines	for	
DNA	analysis	methods.	Because	of	the	close	theoretical	and	methodological	
relationship	between	DNA	analysis	and	analysis	of	epigenetic	phenomenon	such	as	
DNA	methylation,	any	new	DNA	methylation	protocol	should	strive	to	abide	by	the	
developmental	validation	guidelines	set	forth	by	SWGDAM.	SWGDAM	defines	
developmental	validation	as	“the	acquisition	of	test	data	and	determination	of	
conditions	and	limitations	of	a	new	or	novel	DNA	methodology	for	use	on	forensic,	
database,	known	or	casework	reference	samples”	(SWGDAM,	2012).	In	developing	a	
new	protocol	for	validation,	the	following	studies	should	be	performed:	
1. Characterization	of	genetic	markers,	to	include	inheritance,	mapping,	
detection,	and	polymorphism;	
2. Species	specificity;	
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3. Sensitivity,	to	include	upper	and	lower	limits	of	input	DNA	for	reliable	
results;	
4. Stability	of	samples;	
5. Precision	and	accuracy	of	the	technique;	
6. Repeatability;		
7. Reproducibility;	
8. Case-type	samples	
9. Population	studies;	
10. Mixture	studies;	
11. Publication	of	primer	sequences;	
12. PCR	reaction	conditions;	
13. Assessment	of	differential	amplification;	
14. Effects	of	multiplexing;	
15. Assessment	of	controls;	
16. Criteria	for	detection;	and		
17. Establishment	of	appropriate	measurement	standards.	
Following	these	criteria	for	the	development	of	a	DNA	methylation	analysis	
protocol	will	help	ensure	that	the	protocol	is	a	reliable	method	that	may	be	used	in	
forensic	science	casework.	While	much	work	is	left	to	be	done	for	a	proper	DNA	
methylation	analysis	protocol,	this	project	has	helped	establish	a	foundation	upon	
which	many	of	the	aforementioned	required	studies	may	be	performed.	In	
particular,	the	establishment	of	the	PRKCA	locus	for	DNA	methylation	analysis	and	
the	appropriate	PCR	conditions	will	allow	other	required	studies	on	this	locus	to	be	
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performed.	In	addition	to	the	PRKCA	locus,	other	loci	should	be	investigated.	When	
looking	for	other	DNA	methylation	loci,	future	researchers	should	look	to	Lévesque	
et	al.	(2014)	for	a	list	of	genetic	loci	that	are	epigenetically	stable	over	the	course	of	
3	–	6	months,	yet	hypervariable	between	individuals.		
Examples	of	Crimes	Involving	Identical	Twins	
	 Across	all	types	of	crime,	both	in	the	United	States	and	abroad,	instances	can	
be	found	where	a	suspect	cannot	be	prosecuted	because	they	have	an	identical	twin.	
Aside	from	having	the	same	DNA	profiles,	MZ	twins	often	cannot	be	told	apart	by	
witnesses	or	victims.	For	example,	a	1999	rape	case	has	remained	unsolved	due	to	
the	fact	that	the	suspect	and	his	twin	both	had	records	of	sexual	assault	(Gee,	2014).	
While	the	MZ	twin	DNA	problem	lies	mostly	with	violent	crime,	where	DNA	and	
witness	testimony	are	often	the	biggest	pieces	of	evidence	linking	someone	to	a	
crime,	problems	have	arisen	in	non-violent	crimes.	In	Malaysia	in	2009,	a	man	was	
arrested	for	possessing	over	150	lbs	of	marijuana	and	almost	4	lbs	of	raw	opium.	
Just	after	the	arrested,	the	man’s	twin	brother	pulled	into	the	driveway	and	was	also	
taken	into	custody.	During	holding,	the	twins	got	mixed	up,	and	the	case	was	
dropped	because	the	guilty	twin	could	not	be	identified	in	court	(Gee,	2014).	Other	
obscure	examples	of	twins	obfuscating	a	case	can	also	be	found.	In	what	sounds	like	
a	movie	plot,	three	suspects	robbed	a	high-end	jewelry	store	in	Germany,	getting	
away	with	over	$8	million	in	stolen	goods.	DNA	evidence	from	the	crime	scene	and	a	
glove	led	investigators	–	once	again	–	to	twin	brothers.	Due	to	reasonable	doubt,	
both	twins	were	set	free	(Gee,	2014).		
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Unless	a	fingerprint	is	left	behind,	it	can	be	difficult	or	even	impossible	to	
distinguish	MZ	twins.	Unfortunately,	fingerprints	are	relatively	transient,	and	
leaving	them	behind	can	be	easily	avoided	by	wearing	gloves.	Without	the	help	of	
DNA	evidence,	law	enforcement	officials	are	left	using	more	unconventional	
methods	to	differentiate	the	twins.	In	a	serial	rape	case	in	France	in	2012,	DNA	
evidence	led	to	identical	twins.	Both	brothers	denied	the	charges,	and	could	not	be	
visually	distinguished	by	the	victim.	In	this	case,	the	prosecution	is	relying	on	a	
verbal	stutter,	which	the	suspect	and	only	one	of	the	twins	displays	(Gee,	2014).	
While	this	case	will	go	to	court,	it	is	possible	that	reasonable	doubt	could	be	cast	due	
to	a	lack	of	evidence	other	than	the	stutter	pointing	to	only	one	of	the	twins	and	not	
the	other.	As	with	many	other	crimes	where	MZ	twins	are	involved,	the	suspect	
could	be	set	free	due	to	a	relative	inability	to	distinguish	him	from	his	twin.		
Why	Methylation	Profiling	Should	Be	Implemented	
Forensic	analysis	of	methylation	variation	among	MZ	twins	should	be	studied	
and	implemented	in	casework	for	two	main	reasons:	1)	A	practical	test	is	needed	to	
distinguish	MZ	twin	DNA	in	forensic	cases.	Approximately	1	in	every	333	births	is	a	
MZ	twin	birth,	meaning	that	about	1	in	167	individuals	is	a	MZ	twin	(Bortolus	et	al.,	
1999).	As	such,	it	will	not	be	uncommon	for	a	MZ	twin	to	be	implicated	in	a	forensic	
case,	as	Weber-Lehmann	(2014)	duly	noted.	In	the	event	that	a	MZ	is	the	suspect	of	
a	crime,	methylation	profiling	will	serve	as	an	important	supplementary	technique	
to	STR	analysis.	2)	While	creative	and	revolutionary,	the	recent	method	described	
by	Weber-Lehmann	et	al.	(2014)	is	not	practical	for	forensic	casework.	Ultra-deep	
next	generation	sequencing	requires	several	weeks	to	complete	and	analyze	data.	
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Perhaps	one	of	the	biggest	barriers	to	ultra-deep	next	generation	sequencing	is	the	
cost.	The	method,	particularly	the	bioinformatic	aspect,	is	expensive.	According	to	
Anderson	(2014),	the	Boston	police	department	and	the	Boston	District	Attorney	
split	the	$120,000	cost	of	the	DNA	test	developed	by	Weber-Lehmann	et	al.	(2014)	
to	help	solve	a	rape	case.		
Unfortunately,	this	price	tag	is	far	too	high	for	practical	use	in	forensics.	
However,	the	willingness	to	pay	over	$100,000	demonstrates	the	community’s	need	
for	a	molecular	test	to	distinguish	MZ	twins.	Methylation	profiling	would	be	a	
relatively	affordable	and	efficient	alternative	to	SNP	testing.	The	cost	of	the	
methylation	profiling	technique	would	be	far	less,	even	if	targeted	high-throughput	
sequencing	was	used.	Furthermore,	the	analysis	would	take	significantly	less	time	to	
complete,	which	is	imperative	in	many	forensic	cases.	For	example,	when	the	judge	
denied	a	delay	in	the	trail	in	order	for	Eurofins	Scientific	to	complete	the	10	week	
SNP	test,	the	District	Attorney	had	to	drop	the	initial	indictment	until	test	results	
were	obtained	(Anderson,	2014).	This	points	again	to	the	importance	of	both	a	
quick	and	cost	effective	method	for	genetically	discriminating	between	MZ	twins.		
The	evidence	for	MZ	twin	discordance	is	abundant	in	the	literature.	Though	a	
large	portion	of	the	research	is	biomedically-focused,	the	data,	as	well	as	that	
produced	by	the	molecular	biology	community,	are	applicable	to	forensic	science.	
Many	forensic	scientists	and	researchers	are	embracing	this	explosion	of	epigenetic	
knowledge	and	applying	it	to	forensic	questions	from	tissue	identification	to	age	
estimation	and	even	MZ	twin	discrimination.	Li	and	colleagues	(2013)	performed	
one	of	the	first	genome-wide	analyses	on	MZ	twin	discrimination	for	forensics	
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purposes.	Using	a	BeadChip	with	27,578	CpG	sites	across	14,473	genes,	Li	and	
colleagues	(2013)	discovered	92	highly	variable	loci.	With	these	92	loci,	Li	and	
colleagues	were	able	to	successfully	discriminate	between	22	sets	of	MZ	twins.		
Some	researchers	are	thinking	further	outside	the	box	when	approaching	MZ	
twin	differentiation.	One	group	of	researchers	have	had	some	success	using	high-
resolution	meltcurve	analysis	to	distinguish	between	MZ	twins.	Taking	advantage	of	
a	slight	melting	difference	between	Cytosine	and	5mC,	Stewart	et	al.	(2015)	were	
able	to	distinguish	between	five	sets	of	MZ	twins.	While	this	method	does	have	
limitations,	such	as	requiring	relatively	high	DNA	input	and	lower	power	of	
discrimination,	it	would	be	worthwhile	to	see	if	the	method	could	be	validated	using	
a	larger	number	of	twins.	At	any	rate,	experiments	like	those	from	Li	et	al.	(2013)	
and	Stewart	et	al.	(2015)	are	pioneering	the	field	of	forensic	epigenetics,	and	have	
paved	the	way	for	further	research	into	methylation-based	identical	twin	
discrimination.	
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Supplemental	Tables	
 
	
	
Marker	 Twin	1A	 Twin	1B	
D3S1358	 15,	16	 15,	16	
vWA	 14,	16	 14,	16	
D16S539	 9,	11	 9,	11	
CSF1PO	 10	 10	
TPOX	 8,9	 8,	9	
Yindel	 2	 2	
AMEL	 X,	Y	 X,	Y	
D8S1179	 10,	15	 10,	15	
D21S11	 30,	31.2	 30,	31.2	
D18S51	 13,	15	 13,	15	
DYS391	 11	 11	
D2S441	 12,	14	 12,	14	
D19S433	 13,	14	 13,	14	
TH01	 7	 7	
FGA	 24,	25	 24,	25	
D22S1045	 11,	16	 11,	16	
D5S818	 11	 11	
D13S317	 8,	11	 8,	11	
D7S820	 9	 9	
SE33	 22.2,	30.2	 22.2,	30.2	
D10S1248	 14,	16	 14,	16	
D1S1656	 13,	14	 13,	14	
D12S391	 18	 18	
D2S1338	 19,	20	 19,	20	
Supplemental	Table	1	–	Allele	Call	Sheets	for	Twin	1A	and	Twin	1B	
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Marker	 Twin	2A	 Twin	2B	
D3S1358	 15,	18	 15,	18	
vWA	 16	 16	
D16S539	 11,	12	 11,	12	
CSF1PO	 12	 12	
TPOX	 8,	11	 8,	11	
Yindel	 2	 2	
AMEL	 X,	Y	 X,	Y	
D8S1179	 12,	14	 12,	14	
D21S11	 28,	29	 28,	29	
D18S51	 16,	18	 16,	18	
DYS391	 10	 10	
D2S441	 11	 11	
D19S433	 14	 14	
TH01	 6,	9.3	 6,	9.3	
FGA	 21	 21	
D22S1045	 15,	16	 15,	16	
D5S818	 9,	14	 9,	14	
D13S317	 11,	12	 11,	12	
D7S820	 7,	10	 7,	10	
SE33	 15,	29.2	 15,	29.2	
D10S1248	 14	 14	
D1S1656	 15,	19.3	 15,	19.3	
D12S391	 20,	21	 20,	21	
D2S1338	 17,25	 17,	25	
Supplemental	Table	2	–	Allele	Call	Sheets	for	Twin	2A	and	Twin	2B	
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Marker	 Twin	3A	 Twin	3B	
D3S1358	 15,	17	 15,	17	
vWA	 17,	18	 17,	18	
D16S539	 8,	12	 8,	12	
CSF1PO	 12,	14	 12,	14	
TPOX	 8,	12	 8,	12	
Yindel	 2	 2	
AMEL	 X,	Y	 X,	Y	
D8S1179	 11,	13	 11,	13	
D21S11	 29,	31.2	 29,	31.2	
D18S51	 13,	15	 13,	15	
DYS391	 10	 10	
D2S441	 11	 11	
D19S433	 14,	15.2	 14,	15.2	
TH01	 9.3	 9.3	
FGA	 21,	22	 21,22	
D22S1045	 15,	16	 15,	16	
D5S818	 11,	12	 11,	12	
D13S317	 9,	11	 9,	11	
D7S820	 12	 12	
SE33	 12,	25.2	 12,	25.2	
D10S1248	 15	 15	
D1S1656	 12,	15.3	 12,	15.3	
D12S391	 18,	19.3	 18,	19.3	
D2S1338	 17	 17	
Supplemental	Table	3	–	Allele	Call	Sheets	for	Twin	3A	and	Twin	3B	
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Marker	 Twin	4A	 Twin	4B	
D3S1358	 15,	17	 15,	17	
vWA	 14,	17	 14,	17	
D16S539	 12,	13	 12,	13	
CSF1PO	 12	 12	
TPOX	 8	 8	
Yindel	 		 		
AMEL	 X	 X	
D8S1179	 10,	14	 10,	14	
D21S11	 29,	30	 29,	30	
D18S51	 13,	14	 13,	14	
DYS391	 		 		
D2S441	 10,	11	 10,	11	
D19S433	 14,	15	 14,	15	
TH01	 8	 8	
FGA	 21,	23	 21,	23	
D22S1045	 15	 15	
D5S818	 10,	11	 10,	11	
D13S317	 12,	13	 12,	13	
D7S820	 11	 11	
SE33	 16,	26.2	 16,	26.2	
D10S1248	 12,	14	 12,	14	
D1S1656	 13,	16	 13,	16	
D12S391	 17,	18	 17,	18	
D2S1338	 16,	17	 16,	17	
Supplemental	Table	4	–	Allele	Call	Sheets	for	Twin	4A	and	Twin	4B	
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Marker	 Twin	5A	 Twin	5B	
D3S1358	 16,	17	 16,	17	
vWA	 18	 18	
D16S539	 9,	13	 9,	13	
CSF1PO	 12	 12	
TPOX	 9,	11	 9,	11	
Yindel	 2	 2	
AMEL	 X,	Y	 X,	Y	
D8S1179	 12,	15	 12,	15	
D21S11	 32,	34.2	 32,	34.2	
D18S51	 12,	13	 12,	13	
DYS391	 9	 9	
D2S441	 14	 14	
D19S433	 14	 14	
TH01	 7,	9.3	 7,	9.3	
FGA	 22,	23.2	 22,	23.2	
D22S1045	 15	 15	
D5S818	 11,	12	 11,	12	
D13S317	 9,	13	 9,	13	
D7S820	 9,	10	 9,	10	
SE33	 24.2,	33.2	 24.2,	33.2	
D10S1248	 14	 14	
D1S1656	 14,	15	 14,	15	
D12S391	 20,	21	 20,	21	
D2S1338	 17,	23	 17,	23	
Supplemental	Table	5	–	Allele	Call	Sheets	for	Twin	5A	and	Twin	5B	
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Location	 Primer	Dir.	/	
Status	
5’	–	3’	Sequence	
DRD4	 For	/	Converted	 GTTTGGTTAATTATTTGTATTTTTAGTAGAGATGGGG	
DRD4	 Rev	/	Converted	 CACTCTTATCACCCAAACTAAAATACAACAAC	
PRKCA	 For	/	Converted	 TTTTGTATTTGATAGTATTGTAGTAATTAGTTTGGG	
PRKCA	 Rev	/	Converted	 ATTTTTAAATAATTAAACATTAACCCTTTCCCC	
PRKCA	 For	/	Non-
Converted	
AGCTTGGGATGCAAAATGAT	
PRKCA	 Rev	/	Non-
Converted	
GTTTCACCTGGCCAAAATGT	
Supplemental	Table	6	–	Primers	
	
